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To all whom it may concern:

Be it known that I, Crartes Crayron
Mixor, a citizen of the United States, resid-
ing at Chicago, in the county of Cook and
State of Illinois, have invented certain new
and useful Tmprovements in Photographic
Objectives, of which the following is a
specification. :

This invention relates to photographic
objectives of the general class described in
my prior Patents No. 1,077,420 and No.
1,098,823, o -

An object of this invention is to provide
for the correction of all aberrations in a
photographic objective.

Another object of this invention is to in-
troduce a correction for the positive spheri-
cal aberration by an air space having the
form of a positive lens.

Another object of this invention is the
production of an objective with a negative
lens of such formation and in such relation
to the other lenses that the telephoto effect is
attained.

" Another object of this invention is the
production of an objective which will be
satisfactory in exceptional cases where the
light is uncertain or ordinarily insufficient.

Vith the foregoing and other objects in
view, the invention consists of a number of
lenses of selected glass and curvatures
placed in rather close proximity to each
other, one of the lenses being of decidedly
negative focus.

In my Patent No. 1,098,823 the much de-
sired tele-photo effect is attained by the lens
system therein described. Its use, however,

results in considerable positive spherical

aberration which is corrected for by means
of the facing surfaces forming spaces of the
form of a positive lens, the spaces being
located between the three rear lenses. The
combination of the first three lenses of my
present invention is somewhat similar to the
first three lenses in the patent referred to,
but by the selective use of glass and curva-
tures the positive spherical aberration men-
tioned is herein entirely corrected by the
combination of the first three lenses.

In the accompanying drawings Figure 1
is a diagrammatic sectional view of an ob-
jective comprising lenses embodying my

e
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invention. Fig, 2 is a similar view of Fig.
1 showing the diaphragm in a second posi-

tion. Tig. 3 is a similar view of g modifi-

ur. aﬁ]

5b

cation of the form shown in Fig. 1. Fig. 4°

Is a view somewhat similar to IF ig. 3 but
showing the diaphragm in a second position.

In all the drawings the two forward
lenses I and L are of axial thickness gt
and d* respectively, have the radii 7, 2 ol
and »* respectively, and are separated by an
air space 6’. The third lens L8 is of axial
thickness d* and the radii of curvature are
7° and 7°. The space b2 separates the lenses
L2 and L2 and the space b® separates the
lens I# from the lens L#* which is of axial
thickness @* and with radii of curvature s
and 7%, In Figs. 3 and 4 the lens 1* is re-
placed by a doublet of lenses. In Fig. 8 the
doublet lenses I** and L*’” are of axial thick-
ness ¢* and d*” and with the radii of cur-
vature #7 and 29, respectively, and with a
common radius 7°, In Fig. 4 the doublet
lenses I** and L are of axial thickness
d** and d*% and with radii of curvature 7+
and »S, respectively, and with a common
radius 7,

The two forward lenses L* and L2 are of

strong positive focus and of relatively low

dispersive power, being preferably of crown
glass. They are placed in the combination
with their convex surfaces facing the inci-
dent rays. The third or negative lens L? of
the combination is of double concave form
and of relatively high dispersive and high
refractive power, being preferably of dense
flint glass. The fourth lens L¢, which may
be of crown glass, is of positive focus and
of relatively low dispersive power.

The radius of curvature (7°) of the pos-
terior surface of lens L3 is the shortest of
any lens surface of the system.

The combination of the three lenses I,
L? and L3 in itself produces the tele-photo
effect. This condition results in the optical
center of the system being nearer the inci-
dent rays than in the ordinary system where
it is about in the middle of the system,
Since their computed combined focal length
is greater than the amount of racking out
ascertained by trial, the actual focus of the
lens system 1s relatively close to the rear
lens of the system.
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The lenses L? and L® constitute an unce-
mented doublet, said lenses being formed so
that their facing surfaces shall have slightly
differing radii. This formation, in conjunc-
tion with the other properties of the three
lenses L', L* and L&, corrects the positive
spherical aberration, or may even create a
slight amount of negative spherical aberra-
tion.

Recent photographic experience has shown
that high apertures with as much depth of
field as is possible is the most desirable con-
dition. Although the three lenses L, L
and L® may be corrected in themselves so
as to form a lens system of fair optical per-
formance, the system would be only of a rela-
tively moderate aperture. The addition of
the fourth lens L#, however, produces a lens
system corrected to a very much larger
aperture.

The four lenses shown in Figs. 1 and 2
provide sufficient correction for very accep-
table optical performance, but for the fur-
ther correction of possible outstanding er-
rors, the modified objective shown in Figs.
3 and 4 may be used. The lens L* is re-
placed by a cemented doublet of two lenses
L# and L*” or I#* and L* of different re-
fractive powers. These latter combinations
provide corrective power for neutralizing
any possible outstanding errors.

The diaphragm D may be placed at any
suitable point of the system. Herein I have
shown it in two different positions, between
the lenses L' and L2 in Figs. 1 and 4, be-
tween the lenses L® and L* in Fig. 2 and
between the lenses L? and L# in Fig. 3.

One example of the type of objective
shown in Fig. 2 is given below.

s Thickness of lenses and
Radius in p
Spaces between lenses
millimeters. | P millimeters,
11+ 37,0 |diforlensLt...... 4.34
4 76.0 S}l)ace ..., .05
4 31,5 |dMorlens Lr...... 6.90
" o Space b ..._... 1.20
r5—160.0 | d3forlensla...... 3.20
ré 22.5 Sgace ...... 10.00
r74+ 80.0 |diforlensLt...... .24
78— 72.0

The refractive indices n°, n® and «F re-
lating to the C, D, and F lines respectively
of the solar spectrum and the dispersion y
for the different kinds of glass I have used
in this example are:

LensI1. | Lens L2, | Lens L. | Lens L.
1.6088 1.51446 1.61205 1.56067
1.6120 1.5170 1.6169 1.5726
1.61963 1. 52305 1.62896 1. 57962

56.6 60.2 36.4 57.4

Focal distance 65 mm.; diameter of larg-
est lens 38 mm.; effective aperture .5 or f2;
anastigmatically flattened field about 65°.
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One example of the type of objective
shown in Fig. 3 is given below.

Radiusin | Thickness of lenses and
spaces between lenses

millimeters. | 5" i metors.
14 32.2 |diforlensia....... 5.16
r34- 79.0 Space bt ....... .05
134 27.6 [ dsforlensIt....... 7.26
rt oo Space b?....... 0.90
5—150,0 | d%for lens L3....... 2,70
154 22,0 Space b3 ... 8,00
174210.0 | d¥ forlens L# ..._. 1.15
r8— 48.0 ¥’ for lens L4’ .... 8.40
4 35.0

The refractive indices #°, n® and #F and
the dispersion y for the different kinds of
glass T have used in this example are:

Lens I, | Lens L2, | Lens L3, | Lens L¢, [Lens L4,
no..... [ 1.5372 | 1.51446 | 1.61205 | 1.56967 | 1.51446
B0 eeriirnnnn 1,5309 | 1.5170 | 1.6169 | 1.5726 1.5170
B erinnen. 1,54629 | 1.52305 | 1.62806 | 1.57062 1, 52305
Peoerenrennnans 0.2 60.2 6. 4 57.4 0.2

Focal distance 65 mm. ; diameter of larg-
est lens 38 mm. ; effective aperture .5 or /2 s
anastigmatically flattened field about 80°.

One example of the type of objective
shown in Fig. 4 is given below.

S Thickness of lenses and
Radius in
Spaces between lenses
millimeters, in millimeters,
14 32,0 [dforlensL/....... 5.16
4 70.0 Space b’ ....... 3.00
4 27.6 | d2forlens L2.. 7.26
rt oo Space b2 .. 0.90
7% —150.0 | d3forlens L3.. 2.70
78 4 22,0 pace b3 .. 7.00
17 4210.0 | d4s for lens Lia. .. .. 8.55
78 — 48,0 | d4b for lons Lsh, .... 1.00
ris— 22,5

The refractive indices 2°, n° and »¥ and
the dispersion y for the different kinds of
glass T have used in this example are:

Lens L. | Lens 13, | Leus L3, | Lens Lés,| Lens Lb,
1.5372 | 1.51446 | 1.61205 | 1,56967 | 1.51446
1.5399 1.5170 1.6189 1. 5726 1.5170
1.54629 | 1.52305 | 1.62898 | 1.57062 1, 52305

.2 .2 4 57.4 60.2

Focal distance 65 mm.; diameter of larg-
est lens 38 mm. ; effective aperture .5 or /%;
anastigmatically flattened field about S0°.

The dispersion values given in the fore-
going tables have been calculated from the

following formula :
n’—1
==Y

In all of the foregoing examples it will be
understood that the dimensions given are
only approximately correct.

I would have it further understood that
unless otherwise specifically described the
refractive indices of the various lens ele-
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ments may have a considerable range, such
as from 1.51 to 1.62 for n”.

I claim as my invention:

1. In a photographic objective, a system
of three lenses receiving the incident rays
comprising two adjacent positive lenses and
a mnegative lens, one of the positive lenses
being separated from the negative lens by
a space of positive form.

2. In a photographic objective, a system
of three lenses receiving the incident rays
comprising two adjacent positive lenses and
a negative lens, the negative lens being sepa-
rated from the positive lens nearest it by an
air space of positive form, said negative lens
and the adjacent positive lens having their
facing surfaces of slightly different radii
whereby a correction for the positive spheri-
cal aberration may be attained.

3. In a photographic objective, two adja-
cent positive lenses, and a third negative
lens, the second positive lens and the nega-
tive lens forming an uncemented doublet
and being separated by a space of positive
form.

4. A photographic objective comprising
four lenses, the first two lenses being posi-
tive and located adjacent each other and the
third lens being negative, the second posi-
tive lens and the negative lens being sepa-
rated by an air space of positive form and
having their facing surfaces of slightly dif-
ferent radii whereby a correction for the
positive spherical aberration may be at-
tained, and the fourth lens being positive.

5. A photographic objective having, in
combination, two consecutive positive lenses
of low dispersion with their convex surfaces
arranged to face the incident rays, a double
concave lens of high refraction and high
dispersion, and a positive lens of low dis-
persion.

6. A photographic objective having, in
combination, two consecutive positive lenses
of low dispersion with their convex surfaces
arranged to face the incident rays, a double
concave ‘lens of high refraction and high
dispersion, and a cemented lens of positive
focus.

7. A photographic objective having, in
combination, two lenses of relatively low
dispersive power and relatively strong posi-
tive focus, a third lens of relatively high
dispersive power and relatively strong nega-
tive focus, the radius of curvature of the
posterior surface of said third lens being the
shortest of any lens surface in the objective,
and a positive lens of low dispersion.

8. A photographic objective having, in
combination, two lenses of relatively low
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dispersive power and relatively strong posi-
tive focus, a third lens of relatively high
dispersive power and relatively strong nega-
tive focus, the radius of curvature of the
posterior surface of said third lens being the
shortest of any lens surface in the objective,
and a cemented lens of positive focus.

9. A photographic objective having, in
combination, four lenses only, one being a
positive lens of low dispersion, two others
being an uncemented doublet of combined
negative focus comprising a positive lens of
relatively low refractive and dispersive
power and a negative lens of relatively high
dispersive and refractive power, and the
fourth being a cemented lens of positive
focus.

10. A photographic objective having, in
combination, a meniscus convex lens of posi-
tive focus, an intermediate uncemented
doublet of combined negative focus compris-
ing a positive lens of relatively low refrac-
tive and dispersive power and a negative
lens of relatively high dispersive and refrac-
tive power, and a doublet of positive focus.

11. A photographic objective having, in
combination, a positive crown glass lens, a
doublet of combined negative focus compris-
ing a crown glass lens of relatively low re-
fractive and dispersive power and a flint
glass lens of strong negative focus with high
refractive and dispersive power, with their
facing surfaces having different radii and
being in close proximity to each other, the
convex surfaces of both crown lenses being
adapted to face the incident rays, and a
crown glass lens.

12. A photographic objective having, in
combination, a positive crown glass lens, a
doublet of combined negative focus compris-
ing a crown glass lens of relatively low re-
fractive and dispersive power and a fling
glass lens of strong negative focus with high
refractive and dispersive power, with their
facing surfaces having different radii and
being in close proximity to each other, the
convex surfaces of both crown lenses being
adapted to face the incident rays, and a
cemented doublet consisting of lenses having
different refractive indices.

13. A photographic objective comprising
four lenses, two of the first three being posi-
tive and the other of the first three being
negative, there being an air space of the
form of a positive lens between two of the
first three lenses.

In testimony whereof I have hereunto set
my hand.

CHARLES CLAYTON MINOR.
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